drome. Although Greig cephalopolysyndactyly syndrome has some phenotypic overlap with Pallister-Hall syndrome, these two disorders are clinically distinct. The colocalisation of loci for these distinct phenotypes led us to analyse GLI3 for mutations in patients with Pallister-Hall syndrome. We have previously shown GLI3 mutations in two other small, moderately affected families with PallisterHall syndrome. The linkage data reported here suggest that these larger, mildly affected families may also have mutations in GLI3.
clinical characterisation of a family with 22 affected members and the genetic mapping of the corresponding locus. Clinical, radiographic, and endoscopic evaluations showed that this disorder is a fully penetrant trait with variable expressivity and low morbidity. By analysing 60 subjects in two families using anonymous STRP markers, we have established linkage to 7pl3 by two point analysis with D7S691 resulting in a lod score of 7.0 at 0=0, near the GLI3 locus. Deletions and translocations in GLI3 are associated with the Greig cephalopolysyndactyly syndrome. Although Greig cephalopolysyndactyly syndrome has some phenotypic overlap with Pallister-Hall syndrome, these two disorders are clinically distinct. The colocalisation of loci for these distinct phenotypes led us to analyse GLI3 for mutations in patients with Pallister-Hall syndrome. We have previously shown GLI3 mutations in two other small, moderately affected families with PallisterHall syndrome. The linkage data reported here suggest that these larger, mildly affected families may also have mutations in GLI3. ( reported to have had polydactyly but no supporting documents are available.
The affected members of family 1 are in good general health and have normal intellectual development. One sib of the proband has learning disabilities but is not developmentally delayed. All members of family 1 have normal craniofacial features including head circumference and interpupillary distances. Four members of family 1 have had psychiatric diagnoses including depression and schizophrenia. However, one of those four is unaffected by PHS. III. 17 was diagnosed with gelastic epilepsy at 7 years of age (gelastic epilepsy is a rare partial complex seizure disorder that is characterised by uncontrolled laughing in the ictal phase). She is now treated with gabapentin and has been free of seizures for several years. IV. 18 was admitted to hospital for headache and depression at 15 years of age. An MRI scan showed a mass in the hypothalamus and she underwent a biopsy of that lesion. The histology of that tissue was reported as a hamartoma.
Twelve of the 22 affected persons in family 1 have undergone cranial MRI imaging either as a part of this study or for medical indications. Of those 12 persons, all but two had obvious masses of the tuber cinereum that were compatible with a hypothalamic hamartoma. These masses ranged from less than 1 x 1 x 1 to 2.5 x 3.0 x 3.0 cm in dimension (table 1) . In all cases, the pituitary gland was present and normally formed. The masses were isointense to gray matter on all pulse sequences and did not enhance with gadolinium. Of the two persons who did not have an obvious hypothalamic mass, one (II.2) has a slight protrusion of the posterior hypothalamus that could be a normal variant. consistent with previous experience with this disorder.3 4 Polydactyly was present in all 22 affected persons, which is expected since it was used as the primary feature for patient recruitment into the study ( (table 2) The peak two point lod score was 8.4 at 0=0.025 with D7S678. Multipoint analyses of this region were performed using D7S521, D7S678, D7S691, and D7S621. These analyses gave a peak lod score of 13.5 near D7S691 on 7p13 (fig 5) . Haplotype analysis using the Genethon map marker order showed that there were three double recombinants in these two families. We hypothesised that the genetic ordering of markers was incorrect and pursued physical mapping to attempt to resolve these double recombinants. YAC based physical mapping of this region'3-'7
showed a different order for these markers, shifting D7S678 in a centromeric direction. The Genethon order was tel-D7S678-D7S521-D7S691-cen, whereas the physical order placed D7S678 centromeric of D7S691. Analysis of the reordered haplotypes in the two families showed that this marker order eliminated double recombinants in the region (fig 1) . The YAC based physical map of this region, including ESTs and genes (GLI3 and inhibin PA, INHBA) is shown in fig 6. Specifically, the deduced physical order is tel-D7S521-INHBA-D7S691-GLI3-D7S678-D7S621-D7S 1818-cen (the latter two markers were ordered in the experiments but are not shown in fig 6) . Thus, on genetic and physical grounds, INHBA and GLI3 could not be excluded as candidate genes for this disorder.
Discussion

CLINICAL CONSIDERATIONS
The diagnosis of PHS in family 1 was made after the evaluation of IV.8, who presented with ptosis and polydactyly. According to available medical records and the medical history, the diagnosis of PHS was not considered previously in this family although two other people (III.17 and IV.18) had been diagnosed with polydactyly and hypothalamic hamartomas.
The CNS manifestations of the disorder in family 1 are variable, but range in severity from moderate to asymptomatic. The presence of gelastic epilepsy in III.17 is probably the result of the hamartoma because of the rarity of this form of epilepsy and its frequent association with hypothalamic hamartomas.'9 The rarity of symptoms referable to the hamartoma in family 1 and the lack of improvement in those with sporadic'9 20 and familial6 hamartomas who have undergone extirpation of hamartomas for various symptoms suggest that operative intervention is rarely indicated.
A characteristic of the early case reports of PHS was the association of the hamartoma with endocrine dysfunction. This association ranged from panhypopituitarism' to isolated precocious puberty. PHS. None of the 22 affected persons in f ily 1 has documented endocrine dysfunci and there is no history of precocious puber
The finding of epiglottic clefts in family remarkable because it is an extraordinarily j malformation. There are 16 GCPS, are not reported in PHS. No cases of 1 is GCPS have been reported to have a hypotharare lamic hamartoma. There is significant variabils of ity in the polydactyly in both families analysed 21 A in this study. However, other than mild wideniave ing of the hallucal phalanges on x ray, this variryn-ability does not include partial duplications of ion, the thumbs or big toes. Therefore, given the trsal findings of colocalisation and some phenotypic nar-overlap of the two disorders, we concluded that ogi-PHS and GCPS were clinically distinct phenoe in types and that GLI3 was a candidate gene for and PHS on clinical and genetic grounds. On the basis of these data we have performed and previously reported mutation screening of GLI3 in PHS patients. We have found frameshift mutations in GLI3 in two small families (two and four affected, respectively) but no mutation has been identified in the families analysed in this linkage study.27 The determination of mutations in these other two families coupled with the linkage reported in the two large families in this paper strongly suggests that mutations in GLI3 are responsible for autosomal dominant PHS in the larger mildly affected families reported here. That GLI3 mutations also cause PHS in the severe sporadic cases remains to be determined. Taken together, the results showing that GCPS is caused by haploinsufficiency, that small families with moderate PHS have frameshift mutations, and that large mildly affected PHS families are tightly linked to GLI3 suggest that detailed genotype-phenotype correlations will provide important insights into human developmental anomalies and the function of GLI3 in normal development.
